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ABSTRACT

In accordance with the proposed vbjectives of this research a study of
the possible synthesis of nitro%en and boron contalining polymsrizablie silicon
monoxers of the 9-R3£$6£431(3‘H )X.,; {whers K is either nitrogen and boron
and X is a hydrolyzable group k& chloro or alkoxy) was undertaken. Two
nitrogen-conteining silicon monsiers methyl-p-dimethylaminophenyldichlorosilene
and methylep-dimethylamipophenyldimethoxysilane were prepared by reacting p-
dimethylaminophenyllithium with methyltrichloro-and methyltrimethoxysilane;
respectively.

Various methods wers attempted to prepare a suitable boron-containing
sllicon monomer without success. Incidental with these attempts it was found
that p-bromophenyldichloroboron could be prepared by disproportionation of
tri-p-bromophenylboron and boron trichloride. Symmetrical organoboron ecompounds
were prepared by reacting the sulitable Grignard reagent with boron trichlo:ide
or trimethyl borate. Di-p-butyl-and di-p-propylbromoboron were prepared by
reacting the respective symmetrical compounds with broumine.

It was possible to prepare Grignerd reagents of methyl-p-bromc-
phenyldiphenoxysilane and methyl-p-bromophenyldi-o-cresoxysilane. Only the
latter reagent proved to be of vse in suuzeguent resctions,

Trimethylallylsilane and trichlorcsilane were condensed, under the
astivation of venzoyl peroxide, to form trimethyl-3-trichlorosilylpropysilanse.
Under similar conditions, trimethylallylsilane did not condense with
methyldichlorosilans. It 1s plauned t¢ attempt to condense trichklurosilane
with triallyboron and di-p-propylallylboron,

- mes F OOy JUGEL, Y- I O L = - 3 -~
Referance Las boon mads 3o the ALfficuidiss involved in wne ammaysis ol

orgenusilicon and organovurua compounds, and some suggesitions have been maae.
From the infrared spectra of the organoboron compounds that were prepared a
tentative essigrment of the carbon-boron ebsorption frequancy has been made .,
at 1370-1390 em=1 or 1320-1340 em=1, Thrae tables containing the ne® compounds
rrapared during the couxse of this rasearch are included.

PUBLICATION REVIEW
This report has been reviewed and is approved,
FOR THE COMMANDER:

f (A, r. waImioRe
. Technical Diractor
Materiels Laboratory

‘Diractorate of Research
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INTRODUCTION

Tho results discussed hereir were obtnined under Contract No. AF 33 {616)-479,
sdministered by ihe Rubber aand Plastics Branch Materials Laboratory, Wright Air
Dovalonment Center. The proposed objecztive of this resesrch was thé preparaiion of
organosiloxane poiymers containing polsr groups in the side chains.

4 study of the pcssible aynthesds of nitrogen and boron-contalning polymerizable
silicon aonomers of the type n-nzmgibsuc%)xz, (where N 18 either nitrogen or boron
and X 13 ¢ hydrolyzable group like chloro or alkoxy) was undertaken, It was hoped
that the well kmowr. sutual affinity of nitrogen and borcnr woulid rox=in active in
the resulting orgaiosiloxane volymers thereby increasing the attraction betweasn ailorans

chains,

RISCUSS 108
The synthesis of the desired nitrogen-containing silicon monozer was achieved
oy the reaction of methyltrichlorosiiane witli p-dimethylaminophenyllithium to form
methyl-p-dimethylaminophenyldichlorcsilane (32%). MetLyl-p-dimethylaminophenyl-
dimethozyailane (31%) was similarly pregared by substituting methyltrimethoxysilane

for methyltrichlorosilans.

0!!3&1013 + (033)2'36311“' —_ (053)2N06H,+81(CHB)012
CH’Si (06333)3 < (033)znc6num  —— ((3!13)2 Nc6ﬂu81(053)(003!3)2
The preparation of the desired borsn-contalninmg silicon monomer could not be
achieved by similar methods. The first approach to this part of the prodlem was the

et temptod preparation of dimethyl.-p-bromophenylboron. It was hoped that this compound
WADC TR Si-102 1
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would react witk smagneaium ¢r lithium to form an active orgaaometallic compownd.

BC1, + 20E;Mgl + BCH, MeBr - (CH ;) BCH, Br

or N ~ - u -———;
(CéB)z 3 VéguB* * nag 7 (cv‘j)z 50631‘!'.531'

(CE3)2 B CgH, WgBr + an 31c13 e By (cs3)zsc6nusz(033)ch2

Two methods were tried to prépare Gimethyl-p-bromophenylboron. The first of these, the
direct rsaction of boron trichloride with 2 equivalenta of methylmesnesiun iodide and

1 esgquivalent cf p-dromophenylmagnesium bromide, wee unsuccsssful. The only boron-containing
compounds isolated were boron trichloride and trimethylboron. The reaction of p-bromo-
phenyllithium, methylmagnesium iodide and methyl borate, and of p-bromophenyllithium,
ethyllithium and mathylborate .id not succeed in preparing the desired compound.

foames \ . - .. 7T K a
B{OCE ) + BroELL + 2033:451-———-;. (353)23 By 2r

33
) + H Li + 2CH.L c -
B(0CH,), + BrCgHLi et —> ( ), B OH Br
O &
A2 the direct methcd did not succeed, it was declded tc try to prepare the compound in
two steps. The preparation cf aroxatic boron dihalides has beon described (1) and the
synthesis ¢ p-tromcphenyldichloroboron (i6$) was achisved by the reaction of di-p-bromo-
pheanvimercury (2) with boron trichlcride in a sealed tuhe.
»-Sroanphenyldichloroboron (25%) vwas also prepared by the disproportionation of tri-p-
bromophenylboron and boron trichloride. This latter method is actually the more desiradla,
although
(IBrcéH:‘)3 B+ 28013 _— 3BrC6EuBCIZ

the yield is lower, as a larger sxount of product can be synthesized in a mingle

preparation.

¥ADC TR 54-102
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Several attempts were made to alkylate the p-bromopheayldichloroboron wiia
uncertain results. The first of these was the readtion of dichloride with two equivalents

of ethyllithium. Although the ethyllithium reacted, as evidenced by Color Test 1

BrC 8 201, + 2 C HIL — (CH) B C.H Br
(3), the desired product was not isolated. The reaction which came closest to achieving
success was that of ethylmsgnesiux bromide and the dichloride. 4 liquid distilling at
55°/26.0 nn. was isolated. Although it was thought that a pure compound hsd been obtained,
the elemental azalysin was not close enough for a definite assignmeat. Further comment
will be made on the d'fficulties involred ir analyzing organoboron compcunds later.

In a (hird uttempt =t alkylation, tne dichloride waz reacted with g-butylmagnesinms
bromide. The only vroduct isclated was tri-n-butylboron (605). This result suggests

BreH,BCl, + 2 n-CyH Nebr —— (g—c“a\g).}s
the pozaihility that the inate character cf the boron atom may prevent the existence
of completely carbon-substitures orgsnoboron compound where there 1a grous unsimilarity
in the alkyl and/or aryl groups. Suoh unaymmetrical structures may be formed as
intermediates waich then rearrsnge to form aymmetrical compounds.
3(3-%39)2 B CcH Br — 2 (B‘cung)f + (BrC6H“)38

An attespt was anade to form the moro-Grigrard reagent ol tri-p-broacpheaylberon
szd the Grignard of diethyl-p-broxophenylboron {?) without success.

As tbese varicus attempts to prepare an organohoroa compound frox which a Grignard
or oths:r active organometailic could bte made did not succeed, other methods for preparing
the desired organo-boron-silicen compounds were sougnt .

Frisch and Shrogg (4) reported that the Grignard reagent of trimetLyl-p-bromo-
phenoxysilane was prepared in an 83$ yield. This suggestvd that by revercing our
approach and preparing a Grignard reagernt cf an organosilicon compound which was polymeris-
able, and then reacting this with an appropriate boron chloride, perhaps the desired oad
would be attained.
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This was investigated by the following ssiies of reactions:
: )
BrCgH MgBr + CHy 5101, ——— Br(cH,81(CH,)C1,
- c.R - N
1ax-c61i,+si(0133)013 * 29CHROE imén,‘u(oc?xi? g)zl.H}
Bro X 81(00_H _-0). + Mz + {0R.).Si g Yy
Brie¥; s1(oc A, g).{_clz3 Mz + \vn3)38x01 —_— (c%)gsxcéxusi(ocf!., 3)2053
These reactions worked well with the silicon cecmpounds and methyl-p-trimethylsilylpheayl-
di-g-cresoxysilane was prepared in fair cveraii yield. Di-j~butylbromeboron (70%)
was prepared as outlinad by Johnson and co-workers {5) by the cleavage of tri-g-dutylboror /
with bromins.
0. R Mo +* -C;
3z 9 {zBr 3013 ——y (.B C“R9>3 B
q S -
(8-C,HyiqgB + Br, ——) (2-C,Hy), B Br
Although trisethylchlorosilane does not react with msgnesium turnings, di-g-dutyl
bromoboren doss., Thia resuli severely limited the usefulness of this spproack as it
increased the chance of side reactions in = system where ample possidiliilen aiready

existed. The products formed in the reaction oetween di-p-butylVromoberon and magnesium

E=3

were tri-p-butylboron and di-g-butylboron hydride (1).
A reaction of methyl-p-bromophenyldi-o-crésaxysilane, dieg-dutylbromoboron and mzgnasiam

led orly to the recovery of the cresoxysilane and formation of tri-p-butylboron and

To)lowing the lead of Sommer and Whitmore (6) snd research carried out in this
labcratory, the possibility of condensing e boron-containing olefin witi trichlorosilane
wag investigated. In a model reaction trimethylallylsilane and trichlorosilane were
condcnsed. No reaction tocok place using ultrarioclet irradiation dut the use of benzoyl
peroxide led to the formation of trimethyl-3~trichlorosilyl-n-propyleilane {41%). Under
einilar conditions no reactlion itsok place between trimethylallylsilane and methyldichloro-
silana. (333)355.0!1208 - CEZ + BSi.Cl3 —_— (033)38103205203281013
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Tri-p-allylboron (25%) and di-p-propylallylboron (51%) were prepared by ihe methods

outlined earlier.
CH, = CHCHMzCl (large xs) + 3(0(:113)3 —~—> (CH, = cacnz)BB
3 B-C,H MeBr + B(OCH,); ___y (a-C,H,), B
(3-6337)3 B +3Br, — (_x;-t::BH?)2 B Br
( g—CBH?)zB Br + CH, = CECH MgBr-—— (3_c3!1?)zncnzcn = CE,

It wsas noted that the cleavage of tri-p-propylboron with bromine was accomplished much
more slowly than that of tri-p-butyiboron. This 18 a reverssl of the ease of cleavage
by acldic rezgents of organic groups in organometallic compourds (7), and, as such, is
worthy of further investigation. The actual attempted corndenssticn of these unsaturatew
organoboron compounds has uvs'. bteen carried sut as of this writing.

Throuvghout the courge of thie research the analysis of the orgavdoron swd organc-
8ilicon compounds has proved to be difficult. Carbon and hydrogen have been analygad
oy the usual dry oxidation methods ard the carbon reewlts have been low. This xey ve due
to the formation of carbides in the oxidation train. A wet oxidation xethod might
eliminate this difficulty. Silicon has been deterazined by Parr bomd fusion and these
deterninations have been low almost without exception. Oxidation in a platinum crucidle
with concentrated sulfuric acid might be ihe detter method in this case. Future
iLveuivigaiors are strongly advised to devise aldejuate methods of analysis for themselves
at ths outaet of their research. The organobromoboron compounds were easily and
accuraively analyzed by the Volhard method of adding excess silver ritrate and back
titrating with thiocyanate, usvirgz ferric iron as indicator.

The use of infrared analysis provsd tc %Ic very useful in the preparations of
di--p-butylbromoboron and di-gp-propyldromotoron. Tri-p-butylboron has a medium absorption

1

band at 2015 cm ~ but this band iz absent in the spectrum of di-p-dbutylbromoboron. The

same gituation exists for tri-3-propylboron and di-n-propylbromoberon. Therefore it was

WADC TR 'i4-102 5
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a 8in,li aatier to ascertailn if these monohalides wers free of the aymmetrical organodoron
compound. An analysis of the infrared spectra included herein shows absorption btands at
1379-1390 ca-l and 1320-1340 cn-l sonsistently. A tentative sssignment of the carbon-
bYoron absorptior frequency can de made for either of these positions.

Tsdles 1, 11 and III contain a list of the new compounda prepared during the course
of this research, together with their voiling points (and/or melting poirts) and their

slemental analyses.

AXPRRIMENTAL
Preparation of lethy)-p-dimethylaminophenyldichiorogilane.- p-Dimethylaminophenyllithiuve
(0.27 mole) in 225 ml. of ether was added to 80.0 g- (0.54 mole) of methyltricaiorosilans
in 500 ml. of etksr dropwise and with good stirring. PFractionel distillation led to the
isolation of 20.0 g. (32.0’) of methyl-p-dimethylaminophenyldichlorosilane distilling
at 106-110°/0.7 mm., m. 41.5°.
Angl . Calcd. for 69!13012l31: €1, 30.22; W, 5.99
Fouad: Cl, 29.20; ¥, 6.30.
Preparstics of Methyl-p-dimethylaminophszzldimethoxysilane .- p-Dimethylaminophenyllithium
{0.25 mole) in 225 ml. of ether was added to 68.0 g. (0.5 mole) of methyltrimethoxysilane
in 50C ml. of sther dropwise and with good stirring. PFPractional distillation led to the
recovery of 20.0 g. (58.8%) of methyltrimethoxysilane, b. 98-100° ?6C mm. and the
isolation of 15.4 g. (31.3%) of nethyl-p-dimethylaminophenyldixethoxysilane distilling
at 88-90°/0.3 mm.
Anal. Calcd. 61181902!813 ¢, 58.75: H, 8.51; H, 6.23.
Yound: C, 58.78; H, 8.41; ¥, 7.22.

VADC TR 54-102
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Attempted Preparation of Dimethyl-p-broscphenyluoron.- p-Bromophenylmagnesium bremide

o\

0.86 moie) was prepared by stirring 201.5 g. {0.86 mole) of p~dikrozsbenzene with

-~

20.89 (0.86 g. atom) of zagnesiux turnings in 500 ml. of ether until all the xetal was
li3z0lved. Methylmagneslun ilodide (2.1 mole) was prepared from 298.0 g. (2.1 mole) of
methylicdlds and 60.6g. (2.5 g. atonw) of magnesium turnings in 600 ml. of ether.

Into a 2 liter flask equipped with a cold condenser, electric stirrer and dropping
funne), end surrounded by a Pry Ice-acztone bath (--30°) was let 95.0 g. (0.81 mole) of
cold boron trichloride. Then 100 ml. of e%her was cautienely added followed by addition
of tho p-bromophenylusgnesiux browide solution. One hour after addition wae compicted
Color Test I (3) wes negative. Then the methylmagnesium indide solution was added and
the resction mixture was stirred overnight.

Work-up of the reaction by fractional distillation at 760 xm. 1lzd to the recovery
of trimevhylboron, boron trichloride and bromobenzene in trace amounta,

4 second reaction was carried out using p-bromophenyllithium, methylmagnesium iodide
and methyl borste. Orce agaln only itrimethyl borou and bromobenzenc were isolated.
Attempted preparstion of Diethyl-p-browophenvlboron.~ p-Bromophenyllithium (0.25 mole)
was prepared by the addition of .25 =mole of ethyllithium in 173 xl. of ether to 59.0 g.
(0.25 mnle} nf p-dibramnhanzena in 250 vl. af sther at -L0°.

Into a 2 liter flask equipped with a cold condenser, stirrer and dropping funnel,
and surrounded ty a Dry Ice-acetone bath (-40°) was placsd 26.0 g. (0.25 mole) of methyl
borate in 500 ml. of ether. The p-bromophenyllithium solution was then added with
good stirring. Fifteen minutes alier addition Color Test I was negative. Then 0.50 mole
of ethyllithium in 34€ ml. of ether was added. The reaction mirture was slowly brought
to reflux, maintained there for 3 hours anu then allowed to stand overnight.

Hydrolysie w.3 carried out by the addition of 350 ml. of sat. ammonium chloride

solutlon. Tre ether layer was dried over sodius sulfate, filtsred and fracticnally

YWADC P 54-102
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dist1lled. After etkher removel the remaizing liquid was distilled under reduced pressure.
The main fraction (8.7 g.) distilled at 71°/2.6 wm. This watsrial redistilled at 26°/0.4 mm
to give 5.5 g. of product.

Apal: Caled. C  H BBr: Br, 35.55. Found: Br, 2k.M6.

Redistillation of the analyzed ilquid yielded a single fractioa;

b. 52-54°/12.5 mm.

Arals Cslcd. cchIhBBr: Br, 35.55. Pouna: 3r, 18.82
Preparation of p-Bromecphenyldichlozoboron.- In a Carius tube were placsd 38.0 g. (0.07 moie)
of di-p-bromophenylmercury and 41.0 g. of boron tricbloride (1). The tube was seaied,
keated at 200% for 4 hours, graduaily cooled to -30%° and cpened. Then 10 ml. of 4ry bongens
war added to the tndbe, snd the liguid portion was decanted in a 100 1. flask and
ke boron trichloride aud benzene distijled first, then at 1.0 mam.
one fraction distilling at 61-55° was obtsined. Total yleld of p~bromophenyldichloroboron
vas 8.1 g. (46%).

Ansals Calcd. for céﬁuBBrClzz Heut. Bquiv., 118.9. Found: Neut. Bquiv., 113.9.

In a 500 ml. flaak equippsd with a low temrarature condenser were placed 50.2 g.
0,124 Tomophenyivuron and 26.5 g. (U.252 mole) of boron trichleride.
The flask temperature was gracually raised from 30° to 200° and the condenser majntsirned
at -70° by seans of a Dry Ice-Acetone mixture. The solid gradually turned dark drown
snd eventually melted. The molter mass was heated for a total of 5 hours, durizg ithe
last hour the temperature wae malaiainsd at 200°.
Upon cooling the contents of the flask, a syrupy liquid, was transferred to a 100 ml.

task and distilled under reduced pressure. One fraction, distilling at 3-82°/0.7-i.5 ma.
was obtained.

Neut. Bguiv. C(alcd. for C6H“BBn‘::-.2, 118.9. Pound 110.0

WADC TR 54-102
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The fraction was redistilied and after a minor forerun 2 fractions were obtained.
Cut 1 distilled at 60-68°/0.7 mm. zad weighed 5.6 g.; Cut 2 dissiiied at 68°/0.7 um. and
weighed 14.5 g; Cut 2 solidified on cooling and melted at 22-24°, Cut 1, although easily
solidified, was a liguid at this temperature,
Infrared spectra of the 2 fractions wers virtually identical. Total yizld of p-bromo-
phenyldichloroboron was 20.1 g. (22.4%).

Attempted Freparation of Diethyl-p-bromovnhenviboron. ~ The 8.1 g. (0.03+ mole) of

flasik. To this 0.070 mole of ethyllithium 2z 52 ml. of ether wms sdded, dropwise and
with good stirring. Color Test 1 was negative 30 minutes after the addition was completed.
The reaction mixture was hydrolyzed and worked up.
in the finlal distillation 1.6 g. of material distilling &t 27"/1.0 mm. was obtained.
Anal. Caled. for °1ox1b,33” Br, 35.55. ¥Found: Br, 20.69.

Iz & 500 =l. flask were placed 1%.5 g. (0.06 mole} of the p~dromophenyldichloroboron
prepared above and 100 ml. cf ether. To this was added 0.12 mole of ethylmagnesium bromide
io 200 ml. of ether over a 1 hour period. A colorless sclid precipitated from the solution
after addition of 20 mi. of Grignard solution. The reaction mixture was gently refluxed
for 1 Lour after addition. The reaction mixture was then hydroclyzed by the cautiouns
addition of 100 al. of a saturaved ammonium chloride solution. After drying the ether
layer over Drierite, the ether was removed by distillation and the residunzl oil was

vacuus distilled.

ST wm—

One fracticn distilling at 56°/25 mm. was obtained: weight, 4.9 g. This was redistillsd:

v. 55°/26 m=: weight 3.0 ¢. This material, after fusion, meited at -30° to -28°,
Aoal. Calcd. for C,H, Br: &, 53.49: B, 6.27. Pound: C, 47.50: H, 4.53.

Thers vas some evidence of nartial decompeasition vvwon vacuum distillation of this

agterial.
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n_o Broacphenylhore hloride with n-But eglum Bromide.- In a 500 ml.
flask wers nlared 24.9 g. (0.105 mole) of p-bromophenylborou dichloride and 100 ml. of
ether. To this was added, dropwise and with good stirring, 0.21 mole of p-bdutylmagnesium
bromide in 173 ml. of ether. The reaction mixture was giirred for fifieen minutes after
additicn was complcted, filtzred under nitrogen and the ether ramoved undsr reduced
pressure.

The residue was vacuus distilled to yield one fraction, b. 51-53°/0.7 mm., wt. 7.0 'y
The infrared spactrum of this materlial showed none of the characteristic sromatic adassrpiion
and, indeed, was identical with that of an authentic specimen of tri-p-butylboron. The
rield of tri-n-butylreron was 7.0 g. (50.4%8).

"BReaction of p-Bromophenyldiethylboron {?) wjth Magnegium.- Ko apparent raactionm
took place between p-dromophenyldieilizlboron in ather and magnesium z2tgl.
Preparation of Methyl-p-bromopheny)}dichlorogsilane.- To a rapidly stirred solution of
112 g. (0.75 mole) of methyltrichlorosilai.e in 750 ml. of ether was added 0.5 mola of
p-bromophenylmagnesium bromide in 500 ml. of ether. After addition was completel, the
mixture was refluxed for 2 hours and allowed t¢ stand overnight. The ethereal solution
was filtered under nitrogen and $he ether and excess methyltrichlorosilane distilled from
a stear bath. The liquid_reaidug_yas then fracticnally distilled. Two fractions were
obtained.

Praction 1 distilled at 59-91%/0.7 mm. It partially solidified on standing. The
1iquid portion was decanted and redistilled. A forerun, which solidified upon resching
the water condenser, distilling at 64-68°/0.3 mm. and a 1iquid fraciion distilling at
€5-68°/0.3 mm. were obtained. The solid was combined with the ez0lid previcusly isolated.
The liquid fracticn was then subjected to a vacoum sublimation. The liguid was maintained

at 100° and 0.2 ma., and the solid which sudlimed wae caught on the wallas of a colid

coudenser. The residual liquid was then analyzed.

WADC TR 54-102 : 10
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Apal. Oslcd. for CR,BCL,S1: C, 31.13: B, 2.58. Found: C, 31.41%;

gagme me M“EJ o m

H, 2.73.

Traction 2 diastilled at 94-274°/0.7 mm. This was redistilled to yield a solid

oo b sl

forerun diztilliug ‘at 58-60/0.3 mm. and a liquid fraction distiliing at 67-70°/0.3 am.

3
b

Rach fraction wau treated as above.

Tha combined solid was cryastailiged from ethancl ic Fiald 3.0 g. of p-dibdromobenzene

melting at B35-85°. The two liquic fractions were ccmbined to give a total of 37.1 g.
(27.5%) of methyl-p-bromopkenyldichlorosilans,

¥reparatiop of Wethyl-v-romophegyldiphenoxysilspe.~- In al i. flask were placed 57.9 g.
(0.213 mols) of methyl-p-~bromophanyldichlorosilans, 23 g. of triethylamine and 250 ml.

vt N

of ether. Tc this was added 40.0 g£. (0.426 mole) of phenc) =nd 22 g, of tristhylamine

in 250 ml. of sther. The reaction mixture vas refiuxed fer U4 heurs. co5i2d and filtered.
The ather waa A1gtilled ard the oily residue was fractionally vacuum distilled. Two

fractione were obtained.

diliche i 20 Lce SN T aherd

FPraction 1 distilled at 56-~90°/3.0 mm. L semi-sciild with promouriced phenol-like
odor.

Fraction 2 distilled at 190-206°/1.1 ma. A viscuous yellow oil, wt. 58.9 g.

This material was redistiiled to yield 43.5 g. (54.%%) of methyl-p-bromopheayldiphcaoxy-
eilane diatilling at 183-185°/0.9 mz., m. 43-44°,
iaal. Caled. for ) f ,Br0,81: C, 59.23; H, L.b5. Yound: C, 57.63: EH, 4.55.

= p 14 nh en e

Ran One -~ &4 solution of 42.0 g. (0.11 mole) of methyl-p-bromophenyldiphenoxysilane iz
100 ml. of ether vas rafiuxed with 3.0 g. of magnssium metal for 18 aours. No apparent
reastion tesk place and Color Test 1 was negative. A small piece of iodine was sdded
and reflux continuned for 3.5 hours. The iedine color was gradually diacharged and the

metal appeared to be attacked. Color Test 1 decame positive, The Grismard solution

WAIC TR 54-102 1
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was decanted into a ucopving funnel and added ts a soirution of 12.0 g. (0.11 mole) of
trimethylchlorosilane ir 100 mi. of ether. A total of 0.7 g. of magncsiu: was roacovered
indicating an 86% yield of Grignard. The reaction mixture was stirred and refluxsd
svernight, cooled, ard filtered. The ether was carefully distilled usiang a Vigorasux
column (no trimethylchlorosilane was recovered); and the residus was fractionally vacuum
distiiied. Two fractione were obtained:

244

Fraction 1 distilled at 48-50°/0.7 mm; ®D 1.4760. It has beeu reported thai
trimothylphesoxyeilane distills at 81°/23 mm; nD25 1.4753. The yield of trimethylphenoxy-
sil.ne was 9.6 g. (53%). -

Fractiom 2 4istillsd at 178-2190°/0.7 mm. Thia wea rediatilled to ¥ield a small
forerun and a main fraction Ai=tiiling at 1?0‘;/1.1 mm.: \‘voight 1.2 g. (2.9%8). it was
thought that this material was the desired methyl-p-trimetnylsilylphenyldiphenoxysilane.

Anal. Csicd. for 022326028121 C, $9.80; B, §.53. PFound: C, 48.42; E, 5.33,

Bun Two - In this reastion 14,3 g. (0.037 mole) of methyl-p-bremophenyldiphenoxy-
cilans, 0.9 g. (0.037 g. atom) of =agnesium turaings, 8.0 g. (0.074 mole) of irissihyi-
chlorosilane ard 50 ml. of ether wers comvined in a 100 ml. flask. Ths Tsaztlion was
initiated by the addition of 0.5 Ei. ¢f ethylbromide, and wans stirred and refluxed for
3.5 hourz. %he ethereal solution was filtered and worked up as above.

No low %oiling fraction was odtained 6n vacuum distillation. Ome fraction d4istil}isg
&5 156-180°/1.0 mu. was obtained. This was redistilled to rield 2.0 g. (14,08} of
methyl-p-trimethylsilylphenyldipaenoxysilane distilling at 172%/1.0 mm.

Ang).. Caled. for 02}2502812: Cc, 69.80; H, 6.9%. Foumd: C, 70.12; H, §.12.

Phe infrared spectra of the desired products isolated in Runs One zad Two proved

to be idantical. Svidently the analysis in Bun One was in error.

wADC TR 54-102.
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Preparation of Methyl-p-bromophenyldi-o-zresoxv=ilane.- Orude aethyl-p-wromophenyl-
dichlorosilune was prepared by the addition of 0.70 mole of p-bromophenylmeagnesium

bromide (from 165.2 g. (C.7 mole) of p-dibromobenzene and 17.G g. (0.7 g. atom) of

magnesium) in 750 ml. of ether to 1.4 mole of methyltrichlorosilane in 2 l.of ether:

ihe ethereal solution was fiitered, and the sther and eitess methyliiricklorosilane

ramovad by distillation.

To the crude material was added 71.C g. (0.7 mole) of triethylamine inm 1 1. of

ether. A golutior of 151.0 g. (2.4 mole)} of o~cresol and 71.0 g. of triethylsmins i=

250 ml. of ethar wes addéed to the reaction solution in a thin stream wiih good stirring.
After addition completion the mixturs was stirred cvsraight. The ethersal solutioa
was filtered from the denze golid and the ether wac semoved by distillation. The
residue wns then vacuum diastilled.

Two fractions were obtalned. Praction 1 distilled at 60-140°/1.3 mm. and
FPraction 2 at 170-285%/1.3 mm. Practioa 1 was redistilled at atmospheric presswre
and 4.1 g. (29.2%) of g-cresol was recovered. Cut 2 was redistilled to yield a forerua
distilling at 162-180°/1.0 mm. and 66.5 g. (22.3% over=li, 32.2% vased on recovered
g-crssol) of methyl-p-Wromophenyldsi.-z-cresoxysilane distilling at 1$6-200°/1.0 am.

Aasl. Calcd. for CZIHZIBrOZS'n c, 61.10; H, 5.12. Pound: C, 61.05: B, 5,10.

Preparation of Methyl-p-trimothylsilylpheny)di-o-cresoxysiiage.- I a 300 ml. flask
were placed 31.5 g. (0.076 mol.' of methyl-p-“riaopisnyl-di-g-cresoxysilane, 16.5 g.
(0.152 mole) oi trimethyichloresilans, 3.4 g. (0.15 g. atom) of magnesium turaings smd
100 ml. of ether. The reaction was imitiated by the additiom of 4.3 g. (0.04 wole)
¢f ethyl bBromide amd was tnen atirred and ra?iuxed for © hours. The ethereal solutioa was
filts>2d, the ether removed wy distilletion, and iLis residue vacuwm Aiati)led.

After a small forerun, the fracticn distilling at 175-200°/1.0 mm. was collacted.

WADG TR 54-102
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This was carefuily redistilled to yield 12.8 g. (41.5%) of methyl-p-trimethylsilyl &i-o~
cresoxysilase distilling at 182-185°/0.6 mm.
ABai. Jalcd. for cz“ﬂ3°92312: ¢, 70.90; B, 7.44. PTound: C, 72.94; B, 7.03.

Resction of Methyi-p-bromophenyldi-o-cresoxvsilane, Di-p-butylborop Bromide and Haggesiug.-
In a 300 ml. flesk vere placed 33.5 g. (0.08 mole) of methyl-p-bromcphenyldi-o~cresoxy-
silane, 29.6 g. (0.14 mcle) of di-g-butyldoron bromide aad 125 ml. of ether. To this 2.k g.
{0.1 g.atom) of magnesium turnings was added. Almost immediately vigorous refluximg
commenced. When the spontaneous refluxing had stopped, the reaction mixture was stirred
and refluxed Zor an additional 2 houre by outside heating. At the end of this time all
the nagnesiux appeared to have been used. Upon coolimz the ethzroai solution was decanysd
from the colorlecas anlid.

The ethereal soclwt on was cooled overnight in Dry Ise. Two layers “orze’ . The
upper laysr (by far the greater portion) was siphoned off amd the verr wiscoms lowss
layer was evacuaiad as the vackum puwp leavizng a grey solid. %ae volatile materiasl
was added to the upper layer. The colorless solid referred to above and the grey solid
proved to be magnesium didromide.

The ether wae then ramsTsd at the vacuum pump aud many atiempts were made %o
orystallige i@ residnal cil, without succeszs. Then 100 ml. of toluene was added to
this 01l an<l once zgnin attemptis to gain a crystalline substance were mals. withous
succoas. JFinally the material was Iractionally vacuwm distilled. In the first diatillatioa
3 fractiong were obtained.

Fraction 1 4istilled ®elow room temperature at 1.0 am. This proved to be $oluvsne.

Praction 2 distilled at 48-160°/0.5 mm. The iamfrared spectra of the material was
similar to that of tri-a-Dutylboron. Thie waa redistilled so yield 2.8 g. (15 .8’) of
di-p-dutylhvoron nydride Aistilling ai 33-%0°/i.0 mm. and 2.3 g. (12.3%) o2 tri-z-dutyl-

Yoron distilling at 60-63°/1.0 =a.

WADO TR 54-102
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TPraction 3 distillad at 170-205°/0.6 am. 7Tha ilafrared spectrum of the material was
similar to that of metbyl-p-Bromophemyldi-o-cresoxysilane. This liquid was radistilled
to yield 8.5 g. (25.4% recovery) of sethyl-p-bromophenyldi-g-cresoxyailane distillirg at
154-204%/1.2 an. g
Ersvaration of Tri-a-butyisarog.- To 67.5 g. (0.575 mole) of boren srichlorite 12 1 1.
of ether was addcd 2.0 mole of p-sutylmagnesium bromide ir 1 1. of ether. OColor Tuat I
was veakly positive at the comrleticn of the reaction. The whole mixicre was traasferred
to a3 1. flask, the ethsr remcvsd and ths szlt ca¥e vaceam dighiilsd. The vacumas 7

distillate was redistiiled.

A total of %9.% g. [47.2€) of tri-a-dusyliercs distilling at 52-60°/0.7 mmn. was
obtalined.

In a second preparaticn 3.5 mole of j-butylmagnesium bromiie was reacted widh 1ok g,
(1.0 mcle) of methyl borate. The resction mixture was hydrolysed #y ibe cautious additlon

of water: the ether layer was siphoncd and Griad over sodium sulfate. TiLe ether was

—

removed and the residue vacuur diptilled.

A total of 82.0 g. (%5.1%) of tri-p-butylbores distilling at 60-62%/u.5 mm. was

odtaincd.

tics s Di-n-d «~ This preparation was carried out as ovtlined

¥y Johnson and co-workers {5). In a 100 ml. flask was placed 36.9 g. (0.20 mole) of
tri-g-butylborom., Tc thia 32.4 g. (0.20 mcle) of Sromine was added dropwise. The

color was allowed to discharge ®efore sach new drop was added. The solution was thex

vacoux distilled. By & series of three vacuum distillations it was posaible to odtaln

27.4 g. (66.08) of Zi-a-wutylboron bromiée distilling at 46-48°/0.5 mm. asd recover i
2.3 g. (6.28) of tri-g-dulyldoron dissilling at 65°/0.6 mm.

Loal. Caled, for € Br: ENeut. Bquiv., 205, PFound: Neut. Bguiv., 201,
8

WADC TR S54-102
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Beaction of Di-n-butylvoron Bromjde yith Magnesjum,- In a 100 ml. flask was placed 24.3 g.
(0.12 mole) sf di-g-butyl-boron ¥romide in 50 ml. of ether. To this was added 1.5 g.
(0.06 g. atom) of magnesium turnings. Stirring vas wegun and after a few xinvtes vigorous
reflexing commenced. This contizwed for about i bour. The mixture was then refiuxed for
ar additioral 30 miautes %y ontside heating. On cooling the ethereal solution was decajyted
from the colorless solld, ihe etler was removed Vy distillation, ard the ligquid residmne
vacwum distilled. Three fractions wers obdtained.
Fraction 1 41stilled at 26-32°/0.7 mm. This was & minor forsrun and was igmored.
Fraciion 2 distilled at 33-37°/0.7 mm. srd weighed 8.5 g. 7This liquid cortsined ng
ionisadle srominme.
Anal. Calecd. for 0851933 ¢, 76.20; B, 15.20; B, 8.60. PFound: C, 56.62;
B, 13.78; 5, 6.79.
Aaal. Calcd. for 01653632' ¢, 76.85; B, 14,50; B, 8.65. Found: C, 56.62;
B, 13.78; 38, 6.79.
Fraction 3 distilled at 53-55°/0.77 mm. and weighed 6.2 g. (42.7%). The infrared
spectra of this liquid was idertical with that of tri-p-Putyidoron.
Aaal . Caled. for 02132131-0281: c, 61.10; Z, 5.12, Pownd: C, 60.89; H, 5.10.
There was a considerable smount of charred material left in ths still pot at the
ond of the first distillation azd this may well have been the deairsd product decompossd
%y the high temperature nseded in the distillation.

Limg of By’ -~ In a 2 liter flask was placed 27.8 g. (1.1h g.
atom) of magussiwm turaings iz 200 ml. of ether. Them 84.2 g. (1.10 mole) of allyl
ohloride in 200 ml. of ether and 109 g. (1.0 mole) of trimethylchlorosgilane in 200 wl.
of ether were added simultaneously, at a dropwise rate, to the reaction flask. As sooa

as the reaction vas ilaitiated the flask was murrouaded by a large ice ®ath. After

VACD TR 54-102
16

O




Yo

(Lo o e

addition was completed the aixture vas stirred overnight, hydrolyzed, and the ether layer
dried over godium sulfate.

After filiration the sther was removed By slow distillation through a 4 vacuua
Jacketes columm packed with glaes heliciea. The fraction distilling at 80-86°/740 mm.
wss dried with some calcium hydride, and was redistilled to yield 56.9 g. (50‘) of tri-

methylallylsilane; ». 86°/760 ga., n%" 1.4040; W®. 84.9°/760 =z=., n%5 1.4074 bas veea

reported . 4
Prevaration of Trimethyl-g~-trichlorcsilylipropylsilane.-

Rem 1l.- A roluticn of i7.1 g. (0.15 mole) of trimethylailylsilane and 61.0 g.
(0.45 mole) of trichlorosilane was subxiiisd $0 17 hours of intense ultraviolet irradiajiom.
A cold finger condenser charged witk a Dry Ice-szcetone ®ath was used {c hold the volatile
trichlorosilene in the reaction flask. Distillatiom of the solution yielded only starting
materials.
Boxn

2
- o

reactants were comsimed in the same amounts and 3.0 g. (0.013 mole) of

T— -

Yenzoyl peroxide was added. The solution was refluxed for 66 hours =nd Alstilled. Twe i
fractions were taken.

Fraction 1 distilled at 30-100°/760 am; mostly starting materials.

Fraction 2 distilled at 100—200°/?60 mm. This was redistilled and, aftér a small
Zorarus, 15.3 g. (41.08) of trimethyl- J-1’.r1.::hloroai.lylpropylailum distilling at
158-160°/760 xm. was obtained.

Asal. Caled. for 06115013812: C, 28.84; H, 6.06; neut. equiv., 83.23.

Poands €, 35.03: H, 5.86; neut. equiv., 82.2.

Preparation of Trisilvlworon.- In a 2 liter flask was placed 53.5 g. (2.2 g. atom)
magnesium turziags inm 266 ml. of ether. The flask wae surrounded By a large ice vash.

Then 153.0 g. (2.0 molle) of allyl chloride in 266 mi. of ether was added at az extremely

WADC TR 54-102
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elow rate (9 hours). A heavy auspension resvlted. Tuvn 53.5 g£. (0,5 mole) of Borom
trichloride was allowed to evaporate apontaneously into the resactizz fl=sk. 7he mixture

was hydrolyzed and vorked up in the usual manner. A totel of 17.0 g. (25.4%) of triamllyl-

Apgl. Calcd. 39'61583 C, 80.65; H, 11.28. Tound: C, 75.54: H, 10.84.

Preperation of tri-a-propylbcicp.- This compound was prepared as ouslined for
tri-g-dbuiyloron uaing the hydrolysias method. In a 0.52 mole run the yield of praduct
vas 34.5 g. {52.5%) and 1n a 0.78 mole run, 58.0 g. (52.8%). Tri-g-propylvoroa diatilled
at 52-54°/14.0 mu; 160-162°/760 ms.
Prevargtion of Di-m-propylmcron Bromide.- Thia compound was prepared as outlined for
di-g-dutylbcron vromide. In a 0.24 mole run the yleld of di-n-propylbdorom Rromide was
13.1 g. (33.5%); ». 44°/17 mm. A recovery of 10.2 2. {30.18) of Vrheg-propylboron was

mnade.
~aa).., Calcd. for 0631_,‘33':1 Br, 45.00: mels #t., 177.5. Fowad: Br, 4%.00;

@oie wt., 181.4.
Preparatios of Di-p-propylallyleoren.- To 35 z. (0.187 wole) of di-3-propyl drzaide ia
300 ml. of ether waas added 0.35 mole of allylmagneaium dromide in 500 ml. of ether. The

mixiure was atirred and refluxed for 3 hours. Two liquid layers formed. The top laye:

was siphob~d off and fractiopally distilled. One high soiling frectiom, ». 114-117%.750 m=.

vas lsolated. This material was spomtaneously flazmadle on exposure to air, buraimg wigh

& green fisme. Total yleld of di-p-proprlallylboron was 13.2 g. {51.2%).

VADC TR 54-102
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Coapound

silane

silane

silaxne

MNethyl-p-trimethylsilylprenyl-
diphencxyeilans

Methyl_ p-trissthyleiiyipnenyl-
di-g-crsacsysilane

Trimethyl-3-trichlorosilyl-g-
propylsilane

rimethyl-o-creseaxysilane

Compound
p-Brosophexyldichlorovworon

Tri-p-bromophsaylvorom
Disthyi-p-bro=cphazrlboron

WADS & 54-102

Methyl-p-diasthylamirophenyldichloro-

Nethyl-p-disethylaminophenyldimethoxy-

Mathyl-p-bromophenyldichlorosilane

Methyl-p-bromophwnyldiphesozysilane

Nathel = wrozsphongi-2i-p-cresoxy-

Yas CORPOURDS
Orgexozilicon Cempounda
TABILE 1

b.

n. 41-42°

88-907/0.3 mm.
56-699/0.2 rm.
183-185/0.9 mm.
156+200%/1.0 mm.

172°/1.0 =u.
182-185°/0.6 mm.

158-150%/760 ar.

37°/1.0 mu.

Orgazobvoroa Compcounds
TASLS Il
».

682/0.7 ra;
n.. 26-27°

dsc. 255‘

£5-259/26 ma.

106-3116°/0.7 ==.

Anal,

Calcd. Found
Cl, 30.22; Cl, 29.20;
X, 5.99 ¥ 6.3
cl 58075= c) 58-78:
H, 8.51 H, 8m
C, 31.13; C, 31.01;
H, 2.58 B, 2.9
¢, 39.23; c, 57.€:
B, L4.4s B, UL.55
¢, 61.10; c, 61.08;
Bl 5012 x' 5010
¢, 69.80; 0, 7012
xl 6'93 B. 6.12
c' IV";V’ co 7"%;
' 7. g5 7.3
C, 28.84: c, 33.03%;
H. 6-06: B. 5-86
Newt . Bquiv., Nemt. Fquiv,,

83.2 8z2.2
C, 66.60: C, 66.9h;
H, 8.94 H, 9.00

Aral.
Calecd. Yound
Rows. Bquiv., Zeut. Bgulv.,

118.9 113.9
c, 53.15 0. 47.59;
B, 4.27 B, &4.53
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Compouasd
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Cyclopentaasssylianasoron~-
chloride

Di-g-batylvoroa Hydride

e S S ]

Triallylbvoroa

Di-p-proyylsromodoron

e it S o

Di-p~propylaiiyivoron

! Bthyloyclopentamethylenedoron

Compsund

p-Brono-¢~-(g-bromonethylphenyl)
toluene

e e
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Organoboroa Compounds

TABLE Il
(continumd)

‘.

169-112°7760 ma.
33-37°/0.7 mn.

55-58%/16 nnm.

44°/17 sa.
114#-117°/760 mn. |
75-78°/760 ma.

Niscrllaneous Compounds
TARLE Ill

».
a. 112-112°

20

Angl .
Calod. Found
8, 51.60: e, 3b4.52;

H, 8.59; B, 7.26
o1, 31.33 C1, 28.67

€., 76.20; c, 56.62;
H, 15.20; H, 13.78;
B. 8-& no 6'”

C, 80-65: C. ?5‘5":
H, 11.28 H, 10.8%

Br, 45.00 Br, ki.c)

<, 76 > H S, 51.47;

H' 13'??= n. 120&:

B, 9.84 B, 5.55%
Calcd. * Touad

C, 49.43; C, 49.83;
H, 3.356 H, 3.72
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